Administration of Thamnidium elegans for effective utilization of agroindustrial materials (wheat bran) creates new perspectives for animal cereal diet enriched with fungal γ-linolenic acid (GLA). The aim of our study was to evaluate the effect of adding prefermented cereal product containing a high amount of gamma-linolenic acid into the feed on broiler chickens' performance, fatty acids profile and oxidative stability in chilled breast meat. Seventy eight COBB 500 oneday old broiler chicks were randomly divided into 2 treatment groups with three replications and fattened for 42 days. During the first 21 days, all broilers consumed the starter diet. After three weeks, broilers were fed the grower diet; controls were fed without the addition of prefermented cereal product; and the experimental group was supplemented with 3% of prefermented product. Higher final body weight (2 688 vs. 2 604 g) and feed conversion ratio were recorded in the experimental group (P > 0.05). The increased GLA content in the experimental diet (0.095 g·kg -1
) resulted in a significant increase of GLA, dihomo-GLA and arachidonic acid in the lipids of breast muscle tissue (P < 0.05). Adding prefermented product to the feed also resulted in an increase in total n-3 polyunsaturated fatty acids (PUFA), mainly eicosapentaenoic and docosapentaenoic acid in lipids of breast (P < 0.05). The experimental diet produced a significant decrease in the n-6/n-3 ratio (from 10.00 to 8.14). Storage of breast muscles with a higher PUFA in chilling conditions led to a decrease in oxidative stability when the values of thiobarbituric acid-reactive substances (TBARS) increased (P < 0.05). This is a first study using prefermented cereal product for the fattening of broiler chickens.
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Increased interest in feeds and foods containing a high amount of polyunsaturated fatty acid (PUFA) has been observed because PUFA are considered functional ingredients to prevent coronary heart disease and other chronic diseases (Jung et al. 2010) . Poultry production is a potential alternative and sustainable source of PUFA. The current worldwide trend in the production of diets with supplemented components of PUFA has increased the demand for feeds containing γ-linolenic acid (GLA) for animal nutrition (Laho et al. 2011) . Gamma-linolenic acid (C18:3 n-6) via conversion to prostaglandin E1 shows antiinflammatory, antithrombotic, antiproliferative, and lipid-lowering potential (Kawashima et al. 2009 ). However, GLA is rarely found in common foods. Therefore, the interest has been focused on oleaginous microorganisms which enable to accumulate GLA-rich oils in their biomass (Čertík and Shimizu 1999) . Solid state fermentations (SSF) have been found as an effective method to naturally enrich various agroindustrial materials with GLA (Čertík et al. 2011) . Especially administration of lower filamentous fungi (Zygomycetes) in SSF during utilization of moist solid materials (agriculture by-products) has resulted in low-cost approach for production of valuable metabolites (Čertík et al. 2013) . Inexpensive cereal materials such as rice bran, wheat bran, oat flakes, malted draff, peeled or pearled barley provide a suitable source of nutrients for fungal growth and lipid production.
The advantage of SSF is that these newly formed GLA materials could be used directly for applications such as feed additives (without extraction of GLA oils) to modify the fatty acids profile in poultry (Čertík et al. 2011) . Moreover, fungi also simultaneously decrease anti-nutrient compounds and partially hydrolyze sub strate biopolymers, which can positively influence the animal production indicators (Čertík et al. 2013) .
In this study, the effect of feeding prefermented cereal product enriched with fungal GLA on the production indicators of broilers, fatty acids profile and oxidative stability of broiler breast muscle tissue was described and evaluated for the first time.
Materials and Methods
The study was carried out using a total of 78 Cobb 500 broiler chickens. One-day-old chicks were randomly divided into 2 groups of 39 birds. Each group had three replicates (13 birds per pen). In all groups, the broiler chickens were fed the same basal diets for 42 days. During the first 21 days, all broilers consumed the starter diet. After 3 weeks, broilers were fed the grower diet; controls without the addition of prefermented cereal product; the experimental group was supplemented with 3% of prefermented product with a higher content of GLA (3.676 ± 1.09 g·kg -1 in wheat bran; prepared according to Čertík et al. [2006] ). During the entire fattening period the broiler chickens had free access to water and feed. Temperature and lighting regimes were in accordance with standards for the fattening of broiler chickens (COBB Broiler Management Guide, 2013 Table 1 . Values of ingredients content are calculated based on data from the diet supplier. Nutrient compositions of the diets were determined according to standard methods (AOAC 1995) . The clinical health status, feed consumption, body weight, and body weight gain of the animals were continuously monitored; the feed conversion ratio (feed intake/ weight gain) was calculated.
On day 42 of fattening the animals were killed by cervical dislocation, and samples were taken. Samples of breast muscles were frozen at -20 ºC until the time fatty acids analysis was performed. The total fatty acids were extracted from meat samples using chloroformmethanol 2:1 (v/v) based on the method of Folch et al. (1957) . Composition of fatty acids was analysed as their methyl esters using gas chromatography (GC-6890 N, Agilent Technologies, USA) with a programmed 60 m DB-23 capillary column (Agilent Technologies, USA) according to Čertík et al. (2006) . Samples intended for determination of lipid oxidation in breast meat were vacuum-packed in polyethylene bags and stored in a refrigerator at 4 °C for 7 days. The amount of thiobarbituric acid reactive substances (TBARS) as an indicator of deterioration of lipids was performed according to Marcinčák et al. (2006) at 532 nm (Helios γ, v. 4.6, Thermo spectronic, UK). Results were quantified as malondialdehyde (MDA) equivalents (mg MDA/kg of muscle).
Data were expressed as a mean (x) with standard deviation (± S.D.), followed by one-way analysis of variance with post hoc Duncan's comparison test using GraphPad Software (USA). Treatments were considered significantly different at P < 0.05.
Results
The addition of 3% prefermented product into commercial feed caused an increase of the concentration of total protein, fat, metabolizable energy, and fibre content (Table  1 ). Higher fibre content is due to the raw material used (wheat bran); higher nutrient content and better digestibility result from the fermentation activity of Thamnidium elegans CCF 1456. Table 3 . Fatty acids composition in lipids of breast meat (%).
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Results are presented as mean ± S.D., SFA -saturated fatty acids, MUFA -monounsaturated fatty acids, PUFApolyunsaturated fatty acids, a,b -significant difference (P < 0.05). Results of the effect of adding 3% prefermented cereal product to the diet on the production indicators are presented in Table 2 . Higher final weight, improved daily gain and feed conversion were observed in the experimental group (P > 0.05). Food consumption was not affected by the addition of prefermented product and was comparable to the control (P > 0.05). Fatty acid profile of breast muscles in both groups is given in Table 3 . In the experimental group increased proportion of n-3 PUFA was found in fat of breast muscle, and the ratio n-6/n-3 PUFA was significantly lower (P < 0.05). Compared to control, 1.5 × higher content of GLA, dihomo-gamma-linolenic and arachidonic acid was determined in the experimental group (P < 0.05). In the experimental group the vaccenic acid content increased by 23.41%, GLA content by 43.94%, and eicosadienoic acid content by 19.80%. Of much importance is also a higher proportion of n-3 PUFAs (eicoasapentaenoic -100%, docosapentaenoic -85.58% acids, ∑ PUFA n-3 -25.25%) in the experimental group.
Results of the effect of adding 3% prefermented cereal product to the diet on oxidation stability during chilling storage are presented in Table 4 . The oxidative stability of breast muscles was affected by adding 3% prefermented cereal product to the diet when concentration of TBARS was found to be increased (P < 0.05) compared to control. Higher content of PUFA, mainly eicoasapentaenoic acid (EPA), docosapentaenoic acid (DPA) and arachidonic acid in the experimental group was manifested by lower oxidative stability of meat during the entire period of storage in the refrigerator.
Discussion
Nutritional strategies for enrichment of poultry meat with PUFA, based primarily on the use of linseed oil or other plant oils and fish oil have been developed and designed. However, beside the positive impact on the fatty acid profile, some negative effects on growth indicators (lower gains, final weight, decreased feed conversion) appeared due to the antinutritive substances in these oil-rich plants (Aziza et al. 2010) . During solid state fermentation the fungus Thamnidium elegans produces enzymes necessary for hydrolysis of sources bound in biopolymers. Thus the fungal hyphae rapidly penetrate the substrates (wheat bran) resulting in their efficient consumption. Fungi also decrease amounts of antinutritive compounds in the final prefermented product (Čertík et al. 2013) . This study has demonstrated that the prefermented cereal product exerted a positive effect on production indicators of chicken. In the experimental group, its administration resulted in increased performance and feed conversion ratio. Since this is the first study evaluating the effect of administrating a product prefermented by Thamnidium elegans enriched with GLA in poultry fattening, it is impossible to compare its results with other authors. However, the indicated results confirm a positive effect of the feed. The prefermented cereal product increased the content of GLA in lipids of produced chicken breasts. A higher proportion of GLA probably elevated the content of dihomo-GLA and arachidonic acid (AA). Particularly significant increase of dihomo-GLA was determined, because this essential fatty acid was found in animal products only in trace amounts (Kawashima et al. 2009 ). Analysis of the fatty acid profile in poultry meat have also shown that the administration of 3% prefermented product significantly increased the proportion of n-3 PUFA, particularly EPA and DPA, and the ratio n-6/n-3 PUFAs was reduced. Significant reduction of the ratio due to the use of the organic product is not anticipated, since the prefermented product provides a feed with higher concentrations of n-6 fatty acids. However, although the ratio of n-6/n-3 PUFAs was reduced in chicken fed the prefermented product, the total amount of n-6 fatty acids was enhanced. Especially, total level of essential GLA, dihomo-gamma-linolenic acid and arachidonic acid in chicken meat fed the prefermented product was 1.5 × higher compared to control. This most important finding indicates that GLA supplemented in feed could stimulate biosynthesis of C20 n-6 PUFAs in chicken meat. From this point of view, this is the first study that has confirmed effectiveness of administration of GLA-rich feed in chicken. Similar studies carried out with 5% and 10% addition of prefermented GLA-cereals to the chicken feed are the subject of forthcoming experiments.
There was a significantly lower oxidative stability of the meat from broilers fed the prefermented feed product compared to broilers fed the control diet. The significantly lower oxidative stability of the meat from broilers fed the prefermented cereal product compared to broilers fed the control diet was probably due to a higher content of PUFA in lipids of meat tissues. Many studies linked oxidative instability in meat and meat products with increasing concentrations of PUFA (Guillevic et al. 2009; Betti et al. 2009 ). Unsaturated lipids readily undergo oxidation to produce peroxides and aldehydes, which are responsible for the reduction in storage quality that is often associated with poultry meat with an enhanced PUFA content (Betti et al. 2009 ). Although TBARS values in the experimental group were significantly higher compared to control even on day 7 of storage under chilling conditions, in the experimental group such values were not observed (0.380 mg·kg -1 ), which would have a significant impact on the quality of the meat. It is also required to use a sufficient amount of antioxidants for better protection of meat against oxidative damage of lipids (Marcinčák et al. 2011; Kralik et al. 2013) .
Supplementation of the prefermented cereal product to broiler diet was efficient because the increase of broiler performance, feed conversion ratio and increase in portions of GLA, dihomo-GLA, arachidonic acid and total n-3 PUFAs in breast muscle was positively influenced. Even though meat oxidation stability was lower, TBARS values were not high enough to affect the quality of produced meat.
